Autophagy is the sequestration of a cell\'s organelles and proteins into autophagosomes for degradation in lysosomes; it has an important role in regulating tumorigenesis. Some tumor cells are killed by autophagy, whereas autophagy works as a 'bodyguard\' to prevent the death of others.^[@bib1]^ Therefore, investigations into the mechanisms by which autophagy determines the fate of tumor cells could be important for tumor prevention and therapy.

Selenium is an essential trace element in humans. Emerging evidence has demonstrated that a super-nutritional intake of selenite can inhibit tumor cell growth. Many studies focusing on the effects of selenite on tumor xenograft in animal models have also shown that selenite possesses some antitumor activity.^[@bib2],\ [@bib3],\ [@bib4],\ [@bib5],\ [@bib6],\ [@bib7],\ [@bib8]^ Thus, a clarification of the mechanisms by which selenite induces tumor cell death is needed. Our previous study showed that the addition of selenite switched cells from undergoing protective autophagy to apoptosis, and the mechanism was through the downregulation of Hsp90.^[@bib9]^ In addition, reports using other cell lines have shown that selenite promotes both autophagy and apoptosis.^[@bib10],\ [@bib11],\ [@bib12],\ [@bib13]^ On the basis of these previous studies, elucidating the relationship between autophagy and apoptosis in cancer cells after selenite exposure is necessary.

Survivin is a member of the inhibitors of apoptosis (IAP) family. In recent years, more and more reports have demonstrated that survivin participates in the regulation of the autophagy network.^[@bib14],\ [@bib15],\ [@bib16],\ [@bib17]^ Splicing variants of survivin have been identified and, among them, survivin delta X3 regulated apoptosis similarly to wild-type survivin, whereas survivin-2B demonstrated a proapoptotic role in some cancer cells.^[@bib18],\ [@bib19]^ Studies have shown that AML patients have a lower survival rate if higher levels of survivin-2B are observed,^[@bib20]^ whereas in EU-3 cells, an ALL cell line, survivin-2B can have a proapoptotic role.^[@bib21]^ The current study found that selenite downregulated the expression of survivin-2B and switched protective autophagy to apoptosis in NB4 cells. Our investigation thus revealed the mechanisms by which survivin-2B regulated autophagy and apoptosis in selenite-treated NB4 cells.

Results
=======

Selenite inhibited protective autophagy and promoted apoptosis
--------------------------------------------------------------

After cells were exposed to 20 *μ*M selenite for various lengths of time, western blotting was performed to detect markers of apoptosis and autophagy. Cleavages of caspase 3 and PARP were observed in NB4 cells, whereas the increase of P62 and the decrease of Beclin-1 and LC3II reflected that selenite exposure inhibited autophagy in NB4 cells ([Figure 1a](#fig1){ref-type="fig"}). Meanwhile, observation by electron microscopy confirmed that the number of double-membrane vesicles known as autophagosomes was decreased ([Figure 1b](#fig1){ref-type="fig"}), whereas cells that were indirectly labeled with anti-LC3 antibodies and FITC-conjugated anti-mouse secondary antibodies exhibited punctate aggregation and remained disperse after selenite exposure ([Figure 1c](#fig1){ref-type="fig"}). Additional experiments demonstrated that inhibition of autophagy with 3-methyladenine or bafilomycin A1 could enhance selenite-induced apoptosis ([Figures 1d, g and h](#fig1){ref-type="fig"}; [Supplementary Figures S1A and B](#sup1){ref-type="supplementary-material"}). Meanwhile, we also found that autophagic flux was not inhibited by using bafilomycin A1 in NB4 cells. Furthermore, after siRNAs targeting Beclin-1 and LC3 were transfected into NB4 cells and 20 *μ*M selenite worked for another 24 h, we discovered that cleavages of caspase 3 and PARP were increased and apoptotic ratio was also promoted ([Figures 1e and i](#fig1){ref-type="fig"}; [Supplementary Figure S1C](#sup1){ref-type="supplementary-material"}). Results from RT-PCR had confirmed that LC3 transcriptional level was downregulated indeed after siRNA was transfected ([Figure 1f](#fig1){ref-type="fig"}). Taken together, selenite inhibited protective autophagy in NB4 cells.

Survivin-2B, IKK alpha and P73 promoted protective autophagy in NB4 cells
-------------------------------------------------------------------------

To explore the detailed mechanisms preliminarily, we determined the alterations of survivin, survivin-2B, IKK alpha, P73 and UVRAG and discovered that all of them were downregulated ([Figure 2a](#fig2){ref-type="fig"}). Meanwhile, we treated NB4 cells with other chemical compounds such as ATRA, H~2~O~2~ and As~2~O~3~ to confirm that the relationship between these proteins and autophagy had universality. H~2~O~2~ apparently downregulated survivin-2B, IKK alpha, P73, UVRAG, Beclin-1 and LC3II, whereas ATRA and As~2~O~3~ upregulated Beclin-1 and LC3II along with the increase in the activation of survivin-2B/IKK alpha/P73 axis ([Figure 2b](#fig2){ref-type="fig"}). As you could see, although survivin decreased after selenite exposure, ATRA could not alter survivin similarly to IKK alpha, P73 and UVRAG. This result helped us explore the potential regulatory status of survivin-2B. Because Beclin-1 and LC3II were necessary for the generation of autophagosomes, all of those findings indicated that the alterations of survivin-2B, IKK alpha and P73 were in conformity with the change in autophagy. To access the direct function of these proteins, we inhibited their expression through siRNA interference and indirectly labeled LC3. After calculating the LC3 dot-positive cells (with more than 10 dots)/100 cells, we discovered that survivin-2B, IKK alpha, P73 and UVRAG could promote autophagy in NB4 cells ([Figure 2c](#fig2){ref-type="fig"}). Along with indirect immunofluorescence assay, we extracted proteins after each member of this pathway was knocked down. Results from western blotting also proved that survivin-2B, IKK alpha, P73 and UVRAG had autophagy promotion function ([Figure 2d](#fig2){ref-type="fig"}). As we observed that survivin-2B, IKK alpha and P73 were decreased along with the switch from autophagy to apoptosis, we further determined whether these proteins took part in the regulation of apoptosis. YM155, a novel suppressant of survivin, could inhibit survivin and its splice variants\' expression. Therefore, Annexin V-FITC/PI staining analysis was used to determine the apoptotic ratio of control and selenite-treated cells that had downregulated, overexpressed or normal expression of survivin-2B. The results indicated that survivin-2B had an antiapoptotic role in NB4 cells ([Figures 2e--g](#fig2){ref-type="fig"}; [Supplementary Figures S2A--C](#sup1){ref-type="supplementary-material"}). Finally, the apoptosis-preventing effects of IKK alpha and P73 were also confirmed through Annexin V/PI double staining analysis after silencing either IKK alpha or P73 in NB4 cells ([Figures 2h and i](#fig2){ref-type="fig"}; [Supplementary Figures S2D and E](#sup1){ref-type="supplementary-material"}).

Survivin-2B accumulated and stabilized IKK alpha in the nucleus and regulated the switch from autophagy to apoptosis
--------------------------------------------------------------------------------------------------------------------

We had discovered that survivin-2B, IKK alpha and P73 took part in the regulation of protective autophagy. Further experiments were performed to explore the exact mechanisms. GST pull-down assay confirmed that survivin-2B could interact with IKK alpha ([Figure 3a](#fig3){ref-type="fig"}), whereas immunoprecipitation analysis demonstrated that the interaction of IKK alpha and survivin-2B in NB4 cells was decreased by selenite ([Figure 3b](#fig3){ref-type="fig"}). In addition, we also discovered that the content of IKK alpha in the nucleus was decreased ([Figure 3c](#fig3){ref-type="fig"}) and the colocalization of survivin-2B and IKK alpha was canceled after selenite treatment ([Figure 3d](#fig3){ref-type="fig"}). As we indicated previously, different chemicals could alter the levels of survivin-2B, IKK alpha and P73 along with the changes in autophagy. Therefore, we indirectly labeled IKK alpha and survivin-2B after these chemicals\' exposure. Immunofluorescence analysis reflected that the degree of colocalization of IKK alpha and survivin-2B was in line with the extent of autophagy ([Figure 3d](#fig3){ref-type="fig"}). To fully demonstrate the autophagy promotion role of survivin-2B, we also analyzed autophagy after overexpression of survivin-2B as we did for apoptosis analysis previously. After calculating the LC3 dot-positive cell ratio, we found that upregulation of survivin-2B expression also prevented selenite inhibitory effects on autophagy in NB4 cells ([Figure 3e](#fig3){ref-type="fig"}). Meanwhile, we transfected survivin-2B overexpression plasmids and treated NB4 cells with selenite for 24 h. The results from western blots also proved that survivin-2B prevented selenite inhibitory effects on autophagy ([Figure 3f](#fig3){ref-type="fig"}). Furthermore, we combined the use of either survivin transcriptional inhibitor, YM155, or transfecting siRNA targeting survivin-2B and selenite. The results from western blot analysis indicated that the downregulation of survivin-2B could promote apoptosis degree with enhanced cleavages of caspase 9, caspase 3 and PARP, whereas this combination treatment further inhibited the expression of UVRAG. Inhibition of survivin-2B downregulated the protein level of IKK alpha as well ([Figures 3g and i](#fig3){ref-type="fig"}). To fully demonstrate the important role of survivin-2B, survivin-2B overexpression plasmids were transfected. In agreement with our speculation, alterations of IKK alpha, apoptosis- and autophagy-related proteins that were induced by selenite were diminished ([Figure 3h](#fig3){ref-type="fig"}). Because we had demonstrated that survivin-2B was mainly localized in the nucleus, we hypothesized that survivin-2B might control the expression of proteins related to autophagy. As there were no reports suggesting that survivin-2B worked as a transcription factor, we inferred that survivin-2B regulated gene expression indirectly. Because we have proved that survivin-2B could interact with IKK alpha and their interaction altered similarly with autophagy, additional experiments were carried out and the results demonstrated that overexpression of survivin-2B could inhibit the decrease of IKK alpha in the nucleus. Moreover, YM155, a known inhibitor of survivin and its family members, further downregulated the content of IKK alpha in the nucleus and on that basis overexpression of survivin-2B rescued the loss of nuclear IKK alpha ([Figure 3j](#fig3){ref-type="fig"}). This result also supported that even though survivin might also have a function in cell death determination after selenite exposure, its regulatory status must be independent of survivin-2B. To fully confirm this result, we extracted the cytoplasmic and nuclear fraction of NB4 cells after survivin-2B overexpression plasmids were transfected, and found that the increase of survivin-2B finally resulted in the nuclear accumulation of IKK alpha ([Figure 3k](#fig3){ref-type="fig"}). Those results suggested that survivin-2B might be necessary for the nuclear localization of IKK alpha. To our knowledge, we are the first to indicate that survivin-2B could regulate IKK alpha. Therefore, several experiments are necessary to prove its universality. Therefore, we transfected siRNA targeting survivin-2B into Jurkat and HCT116 cells and discovered that IKK alpha and UVRAG were also downregulated ([Figure 3l](#fig3){ref-type="fig"}).

IKK/P73 participated in the regulation of UVRAG expression
----------------------------------------------------------

If IKK alpha localization in the nucleus is regulated by survivin-2B, it may be involved in regulating autophagy. Some groups have shown that nuclear IKK alpha is necessary for the stability of P73, a member of the P53 family that directly binds to the promoter of UVRAG and initiates its transcription. As expected, using an immunoprecipitation assay, we demonstrated that P73 interacted with IKK alpha in the nucleus of NB4 cells ([Figure 4a](#fig4){ref-type="fig"}). Meanwhile, we indirectly labeled IKK alpha and P73 with primary antibodies and observed obvious colocalization of IKK alpha and P73 in untreated NB4 cells, whereas this colocalization was canceled after selenite exposure ([Figure 4b](#fig4){ref-type="fig"}). As expected, the decrease of IKK alpha destabilized P73 and promoted apoptosis with increasing cleavages of caspase 9, caspase 3 and PARP, whereas downregulation of IKK alpha further inhibited autophagy by decreasing Beclin-1 and UVRAG ([Figure 4d](#fig4){ref-type="fig"}). Moreover, the CHIP assay explored that P73 could bind to the promoter of UVRAG, and this binding was attenuated after selenite exposure ([Figure 4c](#fig4){ref-type="fig"}). Similarly, the decrease of P73 expression could apparently promote selenite-induced apoptosis with enhancing cleavages of caspase 9, caspase 3 and PARP and further inhibited autophagy through the downregulation of Beclin-1 and UVRAG ([Figure 4e](#fig4){ref-type="fig"}).

Survivin-2B/IKK alpha/P73/UVRAG axis was regulated by selenite *in vivo*
------------------------------------------------------------------------

We determined the *in vivo* effects of selenite on NB4 cells in a nude mouse model. This model has been built and demonstrated previously. Briefly, 5-week-old mice were injected with NB4 cells subcutaneously. After tumors were palpable, the mice were divided into two groups randomly. After selenite was given through intraperitoneal injection for ∼18 days, the mice were killed for analysis. First, by hematoxylin--eosin staining (HE), we observed significant tumor cell death after selenite injection ([Figure 5a](#fig5){ref-type="fig"}). Second, through immunohistochemical staining, the differing levels of survivin-2B, IKK alpha, P73, UVRAG and the markers for apoptosis and autophagy were similar to those found in our *in vitro* results ([Figure 5b](#fig5){ref-type="fig"}). Finally, we extracted whole-cell lysates from the tumor cells and assessed alterations in the levels of these proteins, which were consistent with our *in vitro* findings ([Figure 5c](#fig5){ref-type="fig"}).

Discussion
==========

Our previous study reported that Akt, ERK, P53 and Hsp90 participated in regulating the selenite-induced apoptosis and autophagy of leukemia cells.^[@bib22]^ In the current study, we found that survivin-2B regulated apoptosis by mechanisms different from those of wild-type survivin that had been demonstrated previously. Moreover, the antiapoptotic role of survivin-2B was linked with the nuclear accumulation of IKK alpha. Such nuclear accumulation was necessary for the stability of P73 and the expression of UVRAG. Below, we discuss in detail the mechanisms by which survivin-2B regulates apoptosis and autophagy.

Autophagy, also known as type II programmed cell death, has been a popular area of investigation in recent years; however, the relationship between autophagy and apoptosis has remained unclear. In the past few years, some molecules, such as P53, mTOR, HMGB1 and HSP90, were identified as the crosstalk between apoptosis and autophagy.^[@bib23]^ Some researchers indicated that autophagy was protective in some cancer cell lines, because it could clear damaged organelles, and several autophagy-related proteins, such as beclin-1, were reported to inhibit antiapoptotic protein degradation.^[@bib24]^ However, others demonstrated that excessive autophagy could induce cell death. Recently, some researchers indicated that autophagosomes provide a platform for apoptosis induction.^[@bib25]^ Therefore, to explore the relationship between autophagy and apoptosis is attractive and worthy. In the current study, we observed that selenite caused the protective autophagy to become apoptosis in NB4 cells. We concluded that the attenuation of protective autophagy was related to IAP proteins.

Survivin is known as an inhibitor of apoptosis protein and is usually overexpressed in the tumor tissue. As a result, analogs and inhibitors of survivin have potential antitumor activity. YM155 is a novel suppressor of survivin family members; in the recent years, it has been reported to regulate autophagy, but the exact mechanisms are unclear. It appeared to us that some survivin family members might regulate autophagy. Along with the in-depth study of survivin, several splice variants have been discovered and new functions are being explored gradually. Survivin-2B is one of the splice variants of survivin. Its function in regulating apoptosis is dependent on the cell type. However, whether survivin-2B regulates autophagy is still not known. In this report, we indicated that survivin-2B protected NB4 cells and promoted autophagy. We have also found that some researchers had proved that in AML patients survivin-2B might have protective effects. Therefore, our findings were supported in some way. In the present study, we also compared alterations of survivin and survivin-2B after different chemicals\' exposure. We discovered that ATRA could not altered survivin similarly with IKK alpha, P73 and autophagy markers. It helped us identify the potential regulatory status of survivin-2B, whereas it did not mean that survivin would not have an important role in regulating NB4 cell death after selenite treatment. Moreover, the results in [Figure 3j](#fig3){ref-type="fig"} had indicated that inhibition of survivin and survivin-2B expression with YM155 could lead to the decrease of nuclear IKK alpha, whereas on that basis only expression of survivin-2B could rescue the decrease of nuclear content of IKK alpha. In some way, it indicated that although survivin might have effects on cell death determination, it worked independently of survivin-2B. The relationship between survivin and survivin-2B in selenite-treated NB4 cells would be discussed in our future work.

As we knew, survivin-2B could localize at the nucleus, microtubule organization center(MTOC) and cytoplasm. Survivin-2B localization at MTOC inhibited microtubule polymerization and therefore induced apoptosis. However, the function of survivin-2B localization at the nucleus has not been discussed. Here, we proved that survivin-2B accumulates IKK alpha in the nucleus. This result left us with two possibilities; one option is that survivin-2B controlled the localization of IKK alpha, and the other is that survivin-2B stabilized IKK alpha in the nucleus. We extracted cytoplasmic and nuclear fraction of selenite-treated NB4 cells after survivin-2B overexpression plasmids were transfected. We discovered that the selenite-induced decrease of nuclear IKK alpha was inhibited along with enhanced expression of survivin-2B, whereas cytoplasmic IKK alpha was further downregulated. Therefore, we thought that survivin-2B might have an important role in regulating cellular localization of IKK alpha. In addition, from the western blot analysis in [Figure 3](#fig3){ref-type="fig"}, we could see that survivin-2B also worked on the regulation of IKK alpha protein level. Therefore, we speculated that survivin-2B must also regulate IKK alpha stability directly or indirectly (be dependent on the cytoplasmic localization of IKK alpha). Briefly, our previously published report had demonstrated that HSP90 interacted with IKK alpha and regulated its cytoplasmic function. As we knew, HSP90 regulated the activity and stability of some proteins. Its function in regulating IKK complex degradation had also been discovered.^[@bib26]^ Therefore, we thought that survivin-2B must also regulate IKK alpha stability because of the partial selenite-induced inhibition of HSP90.

Next, we ask how the presence of IKK alpha in the nucleus regulates autophagy. Published articles indicated that cytoplasmic IKK alpha phosphorylated IκB and further activated NFκB. The activated NFκB could bind to the promoter of Beclin-1, which was an initiator of autophagy. Moreover, IKK alpha could also affect autophagy by regulating mTOR, JNK, AMPK and P53.^[@bib27]^ In recent years, IKK alpha was shown to localize at the nucleus, and it either stabilized the transcription factor, P73, or promoted NFκB transcriptional activity by phosphorylating H3 at ser10.^[@bib28],\ [@bib29],\ [@bib30],\ [@bib31],\ [@bib32]^ In this report, we discovered that IKK alpha stabilized P73 in the nucleus indeed, suggesting that survivin-2B regulated P73 by causing the accumulation of IKK alpha in the nucleus. P73 is a member of the P53 family and promotes the expression of tumor suppressor genes.^[@bib33],\ [@bib34],\ [@bib35]^ Another question we addressed was how P73 affected autophagy, as studies have shown that P73 can regulate the expression of autophagy-related proteins such as UVRAG, Atg5 and Atg7.^[@bib36],\ [@bib37],\ [@bib38]^ UVRAG interacts with PI3K class III and Beclin-1, which is necessary for the initiation of autophagy.^[@bib39]^ In this study, we believed that P73 regulated UVRAG expression through direct binding to its promoter. Taken together, the survivin-2B-dependent nuclear accumulation of IKK alpha caused the transcription of UVRAG through the stabilization of P73. Finally, in a nude mouse model, we confirmed that the alterations of survivin-2B, IKK alpha, P73, UVRAG, LC3 and cleaved caspase 3 were similar to that observed *in vitro*. A decrease in nuclear IKK alpha was also observed *in vivo*, thereby validating our *in vitro* conclusions.

Survivin-2B is one of the splice variants of survivin. At present, the relationship between survivin-2B and cell death is not fully understood. Here, we explain that the antiapoptotic role of survivin-2B was related to protective autophagy induction. The pattern by which survivin-2B regulated autophagy was dependent on the content of nuclear IKK alpha, which stabilized P73 and further induced UVRAG expression ([Figure 6](#fig6){ref-type="fig"}). Understanding the antiapoptotic role of survivin-2B will be useful in improving cancer therapies. However, it is worth noting that autophagy in some cell lines has toxic effects, and P73 can also bind to the promoter of some proapoptotic family members; therefore, in that case, we cannot exclude the fact that survivin-2B has proapoptotic activity and all of these are necessary for researchers to explore. Finally, on the basis of the proapoptotic role of survivin-2B in other cell lines, some drugs that effectively induce apoptosis are most likely dependent on the expression of survivin-2B; in that case, combining these drugs with survivin inhibitors should be carefully done.

Materials and Methods
=====================

Chemicals
---------

The bafilomycin A1 (B1793), 3MA (M9281) and sodium selenite (S-5261) were obtained from Sigma (St. Louis, MO, USA). The antibodies used for western blotting, including anti-IKK alpha (\#2682S), anti-Beclin-1 (\#3496P), anti-LC3B (\#3868P), anti-caspase 3 (\#9661S) and anti-PARP (\#9546S), were obtained from Cell Signaling Technology (Danvers, MA, USA), whereas anti-P73 antibodies were purchased from Abgent (San Diego, CA, USA), and the anti-UVRAG (sc-82115) and anti-B23 (sc-32256) antibodies for western blots were purchased from Santa Cruz (Santa Cruz, CA, USA). For indirect immunofluorescence, anti-IKK alpha (ab105923) antibodies were obtained from Abcam (Cambridge, UK), whereas anti-LC3 antibodies (M152-3) were purchased from MBL (Woburn, MA, USA) and anti-P73 antibodies (bs-1346R) were purchased from BIOSS (Beijing, China). For immunohistochemical staining, anti-IKK alpha (sc-7183) antibodies were purchased from Santa Cruz. Anti-survivin-2B (ab3729) was purchased from Abcam. The HRP-conjugated anti-goat (ZB-2306), anti-mouse (ZB-2305) and anti-rabbit (ZB-2301) antibodies were obtained from ZSGB-BIO (Beijing, China). The Cy3-conjugated anti-rabbit (89856) and FITC-conjugated anti-mouse (89750) antibodies were purchased from Jackson (West Grove, PA, USA).

Cell lines
----------

NB4 and Jurkat cells were grown in RPMI 1640 medium containing 100 units/ml streptomycin, 100 units/ml penicillin and 10% advanced fetal bovine serum. HCT116 cells were grown in DMEM medium. The cells were incubated in 5% CO~2~ at 37 °C.

Western blotting
----------------

Approximately 10^6^ cells were collected after they were exposed to selenite or other treatments. The cells were washed twice with ice-cold PBS, resuspended in RIPA buffer (1 mM EDTA, 1 mM EGTA, 20 nM Tris, pH 7.5, 1% Triton X-100, 150 mM NaCl, 1 mM *β*-glycerolphosphate, 2.5 mM sodium pyrophosphate, 1 mM Na~3~VO~4~, 1 *μ*g/mL leupeptin and 1 mM phenylmethanesulfonyl fluoride) and ultrasonicated at 4 °C. After centrifugation for 15 min at 12 000 × *g* and 4 °C, the proteins were separated by SDS-PAGE and then transferred to a nitrocellulose membrane. After being blocked with 5% fat-free milk, the membranes were incubated with primary antibodies at 4 °C overnight. The membranes were washed three times with TBST and then incubated with the secondary antibodies at room temperature for ∼1--2 h. Finally, the membranes were washed an additional three times and probed.

Indirect immunofluorescence
---------------------------

Approximately 10^6^ cells were collected and washed twice with ice-cold PBS. The cells were transferred to slides and fixed with ice-cold methanol for 10 min, and then washed three times. Triton X-100 (0.1%) was added, and the cells were blocked with 2--5% BSA and incubated with primary antibodies overnight at 4 °C. After a second round of washing, the cells were incubated with FITC-conjugated or Cy3-conjugated secondary antibodies for 1 h at room temperature. Last, the images were visualized with a confocal microscope.

Immunoprecipitation and GST pull-down
-------------------------------------

Cells (1 × 10^7^) were collected and washed twice with ice-cold PBS. The pellets were resuspended in RIPA buffer and placed in an ice bath for an additional 30 min. The samples were centrifuged at 12 000 × *g* and 4 °C for 10 min, and the supernatant was collected. An equal amount of supernatant from each treatment condition was incubated with antibodies overnight at 4 °C. The remainder of each sample was used as the input sample. After adding protein A+G beads and incubating for an additional 3 h at 4 °C, each sample was washed with RIPA lysis buffer three times. Finally, the mixture of beads and SDS loading buffer was boiled for 10 min, and the supernatant was collected. For pull-down assay, after cells were lysed, GST-survivin-2B and glutathione agarose beads were added and the mixture was rotated for 4 h at 4 °C. After washing with RIPA buffer three times, the GST-survivin-2B was eluted and separated with SDS-PAGE.

Detection of apoptotic ratio
----------------------------

Approximately 10^5^ cells were collected and washed twice with ice-cold PBS. Each sample was treated with a mixture of Annexin V and PI for 15 min in the dark. The cell fragments were filtered out, and the apoptotic ratio was detected by the Accuri C6 flow cytometry (Accuri Cytometers Inc., Ann Arbor, MI, USA).

Transfections
-------------

SiRNAs targeting Beclin-1 (5′-GAUUGAAGACACAGGAGGCTT-3′), LC3B (5′-GCTTACAGCTCAATGCTAA-3′), survivin-2B (5′-GATCACGAGAGAGGAACAT-3′), IKK alpha (5′-GCCTTACACAGCCACTGTT-3′), P73 (5′-CCCAAGGGT TACAGAGCAT-3′) and the corresponding negative controls for each siRNA were synthesized by Genepharma (Shanghai, China). The cells (10^6^) were collected, washed twice with Opti-MEM medium and then transfected with a mixture of 200 nM siRNA or 10 *μ*g plasmids and lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) in Opti-MEM (Gibco, Grand Island, NY, USA) for ∼6 h. After transfection, the cells were cultured for 12 h and then treated with sodium selenite for an additional 24 h.

Plasmids
--------

The cDNA of survivin-2B from Jurkat cells was amplified by PCR. The PCR product and the PCDNA 6 plasmid were double digested with the *Bam*HI/*Eco*RI enzymes. The double-digestion product was ligated using the T4 ligase. After transformation into DH5*α* cells, the clone that yielded a positive result was chosen for further DNA sequencing. Finally, the plasmids were extracted for use.

Tumor xenograft
---------------

This model has been built and demonstrated previously.^[@bib40]^ Briefly, NB4 leukemia cells were administered subcutaneously to the nude mice. After the tumors were palpable, the mice were divided into two groups, and selenite (3 mg/kg/day and injection every two days) was dissolved in PBS and injected intraperitoneally. The control group was injected with PBS alone. After 18 days, the mice were killed for analysis. The Helsinki Declaration of 1975 was followed.

Immunohistochemical staining
----------------------------

First, the fixed tissues were wrapped in paraffin. After the tissues were sectioned into slices, they were transferred onto slides. The slides then underwent dewaxing and hydration. Before incubation with primary antibodies overnight at 4 °C, the tissues were blocked with 3% peroxide in methanol. After a second round of washing, the tissues were incubated with the secondary antibodies for 3 h at room temperature and then were treated with DAB and labeled with Mayer\'s hematoxylin. The slides underwent dehydration in increasing concentrations of ethanol and were then clarified with xylene. Finally, the slides were mounted using mounting medium.

HE staining
-----------

After undergoing hydration as described above, the tumor samples were labeled with the Harris hematoxylin and washed with running water for ∼2 min. The slides were then placed in 1% hydrochloric acid in 75% ethanol for 30 s and labeled with eosin for 10 min. Finally, the slides were clarified with xylene and mounted using mounting medium.

Extraction of nuclear fractions
-------------------------------

To extract the nuclear fractions, cells (10^6^) were collected and washed twice with ice-cold PBS. The pellets were resuspended in cytoplasmic extraction buffer immediately and then lysed on ice for ∼30 min. After lysis, the mixture was centrifuged at 12 000 × *g* and 4 °C for 10 min, and the pellets were again resuspended in nuclear extraction buffer for a second round of lysis on ice. Each sample was again centrifuged at 12 000 × *g* and 4 °C for 10 min, and the supernatant was collected. Finally, the cytoplasmic and nuclear fractions were separated by SDS-PAGE for further analysis.

Electron microscopy
-------------------

Cells of each treatment were collected and treated with 2.5% glutaraldehyde. The exact process had been demonstrated previously.^[@bib7]^ The images were visualized by transmission electron microscopy.

Chromatin immunoprecipitation
-----------------------------

Simple ChIP Enzymatic Chromatin IP Kit (Cell Signaling Technology) was used. About 10^6^ cells were collected and they underwent the cross-link process with formaldehyde for about 10 min at room temperature. The cross-link process was stopped with glycine at a final concentration at 0.125 M. After washing with ice-cold PBS three times, the pellets were resuspended with buffer A on ice for 10 min. Then the nucleus section was collected and incubated with buffer B. The product was then digested with micrococcal nuclease, which finally stopped with 0.5 M EDTA on ice. After centrifugation at a speed of 13 000 r.p.m. for about 10 min at 4 °C, the pellets were resuspended and put on ice for about 10 min. After incubation with P73 antibody for about 12 h at 4 °C, the mixture was added with ChIP-Grade Protein G Agarose Beads rotating for another 3 h at 4 °C. After washing, DNA was eluted for subsequent PCR analysis. The primers(sense: 5′-CATCCTGCGTGGTGGCTCT-3′ anti-sense: 5′-CTCACTGGTTGCCGTGGT-3′) for P73 site at the promoter of UVRAG were purchased from Sangon Biotech.

RT-PCR
------

Trizol agent (Invitrogen) was used to extract RNA. This process was carried out with M-MLV reverse transcriptase, dNTPs and oligo dT primer that were provided by Promega (Madison, WI, USA). Primers for LC3 (forward: 5′-ATGCCGTCGGAGAAGACC-3′ reverse: 5′-TTACACTGACAATTTCATCCCGAAC-3′) and GAPDH (forward: 5′-ATGGTTTACATGTTCCAATATGATTCCAC-3′ reverse: 5′-TTACTCCTTGGAGGCCATGT-3′) were purchased from Sangon Biotech (Shanghai, China).

Statistical analysis
--------------------

All statistical analyses were performed using a two-tailed Student\'s *t*-test, and *P*\<0.05 was considered the threshold of significance. Other experiments were also repeated at least three times.
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![Selenite switched protective autophagy to apoptosis. (**a**) Sodium selenite regulated both apoptosis and autophagy in NB4 cells. After the cells were exposed to 20 *μ*M selenite for the indicated period, whole-cell lysates were extracted, and apoptosis and autophagy markers were detected by western blotting. (**b**) Electron microscopy reflected alteration of autophagy in 20 *μ*M selenite-treated NB4 cells. (**c**) Selenite inhibited LC3 punctate aggregation in NB4 cells. After cells were treated with selenite for 24 h, LC3 was indirectly labeled with antibodies. The images were visualized with a Zeiss microscope. The degree of punctate aggregation was represented as LC3 dot-positive cells (with more than 10 dots)/100 cells. The value was represented as mean±S.E.M. (*n*=3). The scale bar represents 10 *μ*m. \**P*\<0.05. (**d**) Inhibition of autophagy also enhanced selenite-induced apoptosis in NB4 cells. NB4 cells were pretreated with 3-methyladenine (3MA) (1 mM) or bafilomycin A1 (10 nM) for 1 h. After selenite treatment for 24 h, the levels of cleaved caspase 3 and PARP were detected by western blotting. (**e**) Silencing autophagy-related protein obviously enhanced selenite-induced apoptosis. After NB4 cells were transfected with siRNA targeting Beclin-1 or LC3, 20 *μ*M selenite was added for another 24 h. The levels of cleaved caspase 3 and PARP were detected by western blotting. (**f**) RT-PCR assay was carried out for LC3 mRNA level analysis. After siRNA targeting, LC3 was transfected and selenite treated for another 24 h, RNA in NB4 cells was extracted and underwent reverse transcriptional PCR process. Finally, cDNA levels of GAPDH and LC3 were detected by PCR assay. GAPDH was used as a loading control for each treatment. (**g**--**i**) Inhibition of autophagy resulted in the enhanced apoptosis in NB4 cells. After NB4 cells were transfected with siRNA targeting each sequence or pretreated with 3MA (1 mM) or bafilomycin A1 (10 nM) for 1 h, selenite was added and the apoptotic ratio of each treatment was detected by flow cytometry. The value was represented as mean±S.E.M. (*n*=3). \**P*\<0.05](cddis201434f1){#fig1}

![Survivin-2B, IKK alpha and P73 promoted protective autophagy in NB4 cells. (**a**) Sodium selenite inhibited survivin-2B/IKK alpha axis in NB4 cells. After the cells were exposed to 20 *μ*M selenite for the indicated period, whole-cell lysates were extracted, and the levels of survivin-2B, IKK alpha, P73 and UVRAG were detected. (**b**) As~2~O~3~, H~2~O~2~ and ATRA altered survivin-2B/IKK alpha axis. After NB4 cells were exposed to As~2~O~3~ (0.8 *μ*M), H~2~O~2~ (100 *μ*M) and ATRA (2 *μ*M) for 24 h, alterations of survivin-2B, IKK alpha, P73 and UVRAG were detected by western blotting. (**c**) Survivin-2B, IKK alpha, P73 and UVRAG promoted autophagy. Cells were transfected with siRNA targeting its special sequence; LC3 was indirectly labeled. The images were visualized with a Zeiss microscope. The scale bar represents 10 *μ*m. The degree of punctate aggregation was represented as LC3 dot-positive cells (with more than 10 dots)/100 cells. \**P*\<0.05. (**d**) Survivin-2B IKK alpha, P73 and UVRAG regulated the level of beclin-1 and LC3II. After cells were transfected with special siRNA sequence, selenite worked for another 24 h. Whole-cell lysates were extracted and alterations of beclin-1 and LC3II were detected by western blotting. (**e**--**g**) Selenite affected autophagy and apoptosis by regulating the levels of the survivin-2B protein. After NB4 cells were transfected (with siRNA targeting survivin-2B or survivin-2B overexpression plasmids) or pretreated with YM155 (500 nM) for 1 h, 20 *μ*M selenite was treated for another 24 h and the apoptotic ratio was detected by flow cytometry. The value was represented as mean±S.E.M. (*n*=3). \**P*\<0.05. (**h** and **i**) IKK alpha and P73 worked against apoptosis. After being transfected with siRNA targeting either IKK alpha or P73, 20 *μ*M selenite worked for another 24 h. Cells were collected and stained with Annexin V/PI for further analysis. The value was represented as mean±S.E.M. (*n*=3). \**P*\<0.05](cddis201434f2){#fig2}

![Survivin-2B accumulated and stabilized IKK alpha in the nucleus and regulated the switch from autophagy to apoptosis. (**a**) GST pull-down assay was used to determine that IKK alpha interacted with survivin-2B indeed. About 10^6^ cells were collected and lysed. The lysates were incubated with GST-survivin-2B and glutathione agarose beads. The interaction between IKK alpha and survivin-2B was determined by western blotting. (**b**) IKK alpha interacted with survivin-2B. After treatment with 20 *μ*M selenite for 24 h, whole-cell lysates were extracted and immunoprecipitated with IKK alpha antibody. The interaction between IKK alpha and survivin-2B was determined by western blotting. (**c**) IKK alpha in the nucleus was decreased. After the cells were exposed to 20 *μ*M selenite for 12 h, the nuclear and cytoplasmic fractions were extracted. The amount of IKK alpha in the nucleus was determined, whereas B23 and *β*-actin were used as loading controls for the nuclear and cytoplasmic fractions, respectively. (**d**) Survivin-2B colocalized with IKK alpha. After NB4 cells were exposed to selenite(20 *μ*M), As~2~O~3~ (0.8 *μ*M), H~2~O~2~ (100 *μ*M) and ATRA (2 *μ*M) for 24 h, IKK alpha and survivin-2B were indirectly labeled with primary antibodies and either an FITC-conjugated or Cy3-conjugated secondary antibody, respectively. The images were visualized with a confocal microscope. The scale bar represents 10 *μ*m. (**e**) Survivin-2B promoted autophagy. Cells were transfected with survivin-2B overexpression plasmids and LC3 was indirectly labeled. The images were visualized with a Zeiss microscope. The scale bar represents 10 *μ*m. The degree of punctate aggregation was represented as LC3 dot-positive cells (with more than 10 dots)/100 cells. \**P*\<0.05. (**f**) Survivin-2B prevented selenite inhibitory effects on autophagy. After cells were transfected with survivin-2B overexpression plasmids and selenite worked for another 24 h, whole-cell lysates were extracted and alterations of Beclin-1 and LC3II were analyzed by western blotting. (**g**--**i**) Selenite affected autophagy and apoptosis by regulating the levels of the survivin-2B protein. After being transfected (with siRNA targeting survivin-2B or survivin-2B overexpression plasmids) or pretreated with YM155 (500 nM) for 1 h, NB4 cells were treated with 20 *μ*M selenite for 24 h. The levels of C-caspase 9, C-caspase 3, C-PARP, UVRAG, IKK alpha and survivin-2B were detected by western blotting. (**j**) Survivin-2B regulated nuclear content of IKK alpha. After being transfected with survivin-2B overexpression plasmids, cells were treated with YM155 before selenite treated for another 24 h. IKK alpha and survivin-2B were indirectly labeled with primary antibodies and either an FITC-conjugated or Cy3-conjugated secondary antibody, respectively. The images were visualized with a confocal microscope. The scale bar represents 20 *μ*m. (**k**) Survivin-2B accumulated IKK alpha in the nucleus. After survivin-2B overexpression plasmids were transfected and selenite treated for another 12 h, cytoplasmic and nuclear fractions were extracted. The contents of survivin-2B and IKK alpha at each fraction were analyzed by western blotting. (**l**) Survivin-2B also regulated IKK alpha and UVRAG in Jurkat and HCT116 cells. After cells were transfected with siRNA targeting survivin-2B for 12 h, levels of IKK alpha, P73 and UVRAG were detected](cddis201434f3){#fig3}

![IKK/P73 participated in the regulation of UVRAG expression. (**a**) IKK alpha interacted with P73. After treatment with 20 *μ*M selenite for 12 h, cytoplasm and nuclear fractions were extracted and immunoprecipitated with IKK alpha antibody. The interaction between IKK alpha and P73 was determined by western blotting. (**b**) P73 colocalized with IKK alpha. After exposure to 20 *μ*M selenite for 24 h, IKK alpha and P73 were indirectly labeled with their own primary antibody and either an FITC-conjugated or Cy3-conjugated secondary antibody, respectively. The images were visualized with a confocal microscope. The scale bar represents 10 *μ*m. (**c**) P73 directly bound to the promoter of UVRAG. After ChIP assay that was described previously was performed, PCR analysis was carried out. GAPDH was used as a negative control for ChIP sample and loading control for input sample. (**d**) IKK alpha regulated apoptosis and autophagy in NB4 cells. After being transfected with siRNA targeting IKK alpha and selenite treated for another 24 h, levels of C-caspase 9, C-caspase 3, C-PARP, Beclin-1, UVRAG and P73 were detected. (**e**) P73 regulated apoptosis and autophagy in NB4 cells. After being transfected with siRNA targeting P73 and treatment with 20 *μ*M selenite for 24 h, levels of C-caspase 9, C-caspase 3, C-PARP, Beclin-1 and UVRAG were detected](cddis201434f4){#fig4}

![Survivin-2B and IKK alpha were regulated by selenite *in vivo.* (**a**) Selenite (3 mg/kg/day) induced the death of NB4 tumor cells *in vivo*. After HE staining, images were visualized with a Zeiss microscope. The scale bar in the larger image represents 50 *μ*m, whereas that in the smaller image represents 25 *μ*m. (**b**) Alterations induced by selenite (3 mg/kg/day) in IKK alpha, survivin-2B, P73, UVAG, cleaved caspase 3 and LC3 were further confirmed by immunohistochemical staining. After immunohistochemical staining with antibodies, the images were visualized with a Zeiss microscope. The scale bar in the larger image represents 50 *μ*m, whereas that in the smaller image represents 25 *μ*m. (**c**) The levels of C-caspase 3, LC3, survivin-2B, IKK alpha, P73 and UVRAG altered similarly with our *in vitro* results. Whole tumor cell lysates were extracted, and the levels of C-caspase 3, LC3, IKK alpha, P73, UVRAG and survivin-2B were detected by western blotting](cddis201434f5){#fig5}

![Survivin-2B accumulated IKK alpha in the nucleus, which further stabilized P73, a transcription factor of UVRAG. P73 in the nucleus upregulated UVRAG, an initiator of autophagy, and therefore regulated protective autophagy in NB4 cells](cddis201434f6){#fig6}
